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(54) MAGNETIC RECORDING MEDIUM AND ITS 
TRACKING SERVO CONTROLLER 

(57) Abstract 

PURPOSE: To provide the high-reliabllity magneUc 
recording medium with which writing and reading out of 
infonnatiDn are adequately executed even If its 
recording capacity Is Increased and the tracWng servo 
controller adequate for such magnetic recording medium. 

CONSTITUTION: A magnetic layer 12a and the magnehc 
head tracking servo layers 10. 11 constituted of layers 
conlg. phosphors are provided in a superposed state in 
the thickness direcUon of the magnetic recording 
medium. Data tracks 14 formed on the magnetic layer 
12a and servo tracks 21 formed on the magnetic hiead 
tracking servo layers 10, 11 are in a correspondent 
relation. The tracking of the magnetic head is exefcuted 
In accordance wHh the fluorescence emitted from the 
phosphors in the magnetic head tracking sersfo layers 10. 
11, 
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(54) [Title of the Invention] 
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(57) [Abstract] 

[Object] To offer a magnetic recording medium that can properly carry out reading and 
writing of information with high rehabihty in spite of in^easing its recording capacity, 
and a tracking servo control device that is appropriate for use with this magnetic 

recording medium. 

[Constitution] Characterized in that magnetic head tracking servo layers 10, 11 
constituted by a layer containing phosphor and a magnetic layer 12a are formed in a 
superimposed condition across the thickness of the magnetic recording medium, where 
the data tracks 14 formed in the magnetic layer 12a and the servo tracks 21 formed in the 
aforementioned magnetic head tracking servo layers 1 0, 11 are in a corresponding 
relationship, and tracking of the magnetic head can be carried out based on the 
phosphorescent light emitted fiom the phosphor m the magnetic head tracking servo 
layers 10, 11. 
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[Claims] 

[Claim 1] A bagnetic recording medium having a substrate composed of anon-magnetic 
body, wilh a magnetic layer formed on top of this substrate, said magnetic recording 
medium being characterized in that said magnetic layer and a servo layer for magnetic 
head tracking constituted by a layer containing phosphor are provided in a superimposed 
condition in the direction of thickness of the magnetic recording medium, where the data 
tracks fonned on said magnetic layer and the servo tracks formed on said servo layer for 
magnetic head tracking stand m a corresponding relationship, and magnetic head tracking 
is carried out based on phosphorescent Ught emitted from the phosphor in said servo layer 
for magnetic head tracking. 

[Claim 2] The magnetic recording medium according to Claim 1, characterized in that 
said servo layer for magnetic head tracking is formed in between said substrate and 
magnetic layer, and this magnetic layer has properties whereby it allows passage of 
phosphorescent Ught from the phosphor and light used for excitation of said phosphor. 
[Claim 3] The magnetic recording medium according to Claim 2, characterized in that the 
thickness of said magnetic layer is controlled to less than 1 pm, thereby allowing the 
passage of light used for excitation of said phosphor and emitted by flie phosphor. 
[Claim 4] The magnetic recording medium according to any of Qaims 1-3, characterized 
in that the reflectance of said substrate wi& respect to light for exciting said phosphor is 
1% or greater. 

[Claim 5] The magnetic recording medium according to any of Claims 1-4, wherein the 
thickness of said phosphor layer is 0.5 nm or greater. 

[Claim 6] The magnetic recording medium according to any of Qaims 1 -5, wherein flie 
center wavelength of phosphorescent Ught emitted from said phosphor is different from 
thftcenter wavelength of the Ught used for excitation of this phosphor. 
[Claim 7] The magnetic recording medium according to Claun 6, wherein said phosphor 
is an inorganic compound to which neodymium has been added as the active element. 
[Claim 8] The magnetic recording medium according to Claim 7, wherdn said phosphor 
is an morganic compound selected from the group NdPsO^, liNdP40i2 and 
Al3NdCB03)4. 
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[Qaim 9] The magnetic recording medium according to any of Claims 1-8, wherein said 
servo layer for magnetic head fraddng is composed of a unifonnly formed phosphor layer 
and a transmissive/shielding layer formed between the phosphor layer and magnetic layer. 
[Claim 1 0] The magnetic recording medium according to Claim 9, characterized in that 
said substrate has properties whereby it reflects phosphorescent li^t fiom the phosphor 
and light used for exciting the phosphor. 

[Claim 11] The magnetic recording medium according to Claim 9, wherein said substrate 
has properties whereby it transmits phosphorescent light from the phosphor. 
[Claim 12] The magnetic recording medium according to any ofClaims 1-8, whwe said 
servo layer for magnetic head tracking is composed of a reflective layer that is patterned 
on the substrate, and a uniformly fomied phosphor layer formed on this reflective layer. 
[Claim 1 3] The magnetic recording medium according to any of Clauns 1-8, wherein 
said servo layw for magnetic head tracking is composed of a phosphor layw &at is 
pattoned on the substrate. 

[Claim 14] The magnetic recording medium according to Claim 13, wherdn a bindrar 
layer having properties whereby it transmits light for exciting the phosphor is formed 
between said patterned phosphor layer and magnetic layer, and the surface of this binder 
layer forms a planar surface. 

[Claim 15] The magnetic recording medium according to any of Claims 1-14, 
characterized in tiiat said servo byer for magnetic head tracking has Ught emitting regions 
produced by phosphor, and the li^t-emitting regions run along the direction of travel 
coiresponding to said magnetic recording medium and light-emitting element/light- 
receiving elemait group. 

[Clann 16] The magnetic recording medium according to Claim 15, wherein said light- 
emitting regions are formed continuously along tiie direction of travel corresponding to 
said magnetic recording medium and light-emitting element/light-receiving element 
group. 

[Claim 17] The magnetic recording medium according to Claim 15, characterized in that 
light-emitting regions fliat emit light due to phosphor and non-emitting regions that do 
not emit light due to phosphor are fonaed altematingly in a direction perpaidicular to the 



coitesponding direction of travel of the magnetic recording medium and Ught-emitting 
element/light-receiving element gmp, where the ratio (Al iA2) of the suifece area (Al) 
of one light-emitting region and the surface area (A2) of one non-emitting region is 
restricted to the range 1 :0.5-l .5. 

[Claim 1 8] A tracking servo control device for mapetic recording media^ comprising a 
light-emitting element that shines light for exciting a phosphor on a servo layer for 
magnetic head tracking in a magnetic recording medium in which a magnetic layer and a 
servo layer for magnetic head tracking constimted by a layer containing phosphor are 
provided in a superimposed condition in the direction of thickness of the magnetic 
recording medium, where the data tracks fonned in said magnetic layer and the servo 
tracks fomied in said servo laya- for magnetic head tracking stand in a corresponding 
relationship; a light-receiving element group composed of a plurality of light-receiving 
elements that receive the phosphorescent light generated by the servo layer for magnetic 
head tracking a filtK- that is simated in front of said Kgjht-receiving elranemt groiq) and on 
the light patii from said magnetic recording medium, which blodcs reflected light from 
flie surface of the magnetic recording medium so that only phosphorescent ligjit that is. 
generated by the servo layer for magnetic head tracking is transmitted; a savo signal 
operation means whereby signals from said light-receiving element group are input and 
the servo signals are operated upon and output; and a magnetic head servo control part 
that corrects the position of the magnetic head based on the servo signals fit>m the servo 
signal operation means. 

[Claim 19] A tracking servo control device for magnetic recording media, comprising a 
li^t-emitting element that shines light on the surface of the magnetic recording medium; 
a light path splitting means that is situated on the light pafli from said magnetic recording 
medium and splits the light into.a first light path and second light path; a filter that is 
situated on said first light pafli, whereby reflected light from the magnetic recording 
medium surfece is blocked so that only phosphorescrait light emitted from the servo layer 
for magnetic head tracking provided on the magnetic recordiiig medium is transmitted; a 
first li^t-receiving element group conq>osed of a plurality of light-receiving elements 
that recdve light that has passed through this filter, a second ligjit-receiving element 
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group situated on said second light path, composed of a pluraHty of U^-receiving 
elements that receive Hght reflected from the magnetic recording medium surface; a 
signal discriniination means that can input signals from said first li^t-receiving elanent 
group and second Kght-receiving elemrait group, and selects, as the effective signal, one 
or the other of the signals from the two light-receiving element groiqjs; 
a servo signal operation means whereby the servo signal is operated upon and output 
based on either one of the signals from said first Ught-receiving element group and 
second light-receiving element group based on discrimination by the signal 
discrimination means; and a magnetic head servo control part that corrects the position of 
the recording head based on the servo signal from the servo signal operation means, 
where signals from said first light-receiving element group and second light-receiving 
element group are both input into the signal discrimination means, which selects the 
signal from said first light-receiving element group as effective when it determines that 
the magnetic recording medium that is being used is a magnetic recording medium with a 
SCTVO layer for magnetic head tracking that contains phosphor, and whidi selects the 
signal from said second light-receiving eltanent group as effective whrai only the signal 
from said second light-receiving elemrait groi^ is input into the signal disraimination 
means, and it detomines that fee magnetic recording medium that is bang used is a 
magnetic recording medium that has depressions for magnetic head traddng in the 
magnetic layer surface. 

[Claim 20] A tracking servo control device for magnetic recording media, coniprising a 
light-emitting elemmt that shines light on the surface of a magnetic recording medium; 
a filter that is situated on the light pafe from said magnetic recording medium, and is 
composed of a plurality of light-receiving elements whereby reflected light from the 
magnetic recording medium surface is blocked so that only phosphorescent light from the 
servo layer for magnetic head tracking provided on ihe magnetic recording medium is 
received; a Kght-receiving element group composed of a plurality of light-receiving 
elements that receive light that has passed through this filter; a filtar moving means feat 
positions said filter on said light path, and removes it from fee light pafe; a signal 
discrimination means feat discriminates fee presence of said light feat has passed through 
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Ihe filter, a servo signal operating device that operates upon and outputs the servo signal 
based on the signals fi^m said light-receiving element group; and a magietic head servo 
controUer whereby Ihe position of the magnetic head is corrected based on servo signals 
fiom the servo signal operating means, where, when the presence of the Ught that has 
passed through the filter is detected by said signal discrimination means, it is determined 
that the magnetic recording medium that is being used is a magnetic recording medium 
that has a servo layer for magnetic head trackmg that contains a phosphor, and the filter is 
positioned on said light path as-is, whweas when no light that has passed through the 
filtCT is detected by said signal discrimination means, it is determined fliat the magnetic 
recording medium that is being used is a magnetic recording medium wherein 
depressions for magnetic head tracking are formed in the magnetic layer surface, and said 
filter is driven by said filtCT movement means so that it is removed firom said light path. 

Petailed description of the invention] 
[0001] 

[Technological field of utilization] The present invention relates to a magnetic recording 
medium such as a flexible magnetic disc, magnetic tape or magnetic card and a tracking 
servo control device fliat is compatible therewith, lii particular, the present invention 
relates to a tracking servo mechanism whereby optical tracking of the magnetic head is 
possible. 
[0002] 

[Prior art] Flexible magnetic discs have refo-ence tracks formed at the innermost 
circumference of a doughnut-shaped region, where a plurality of ring-shaped magnetic 
head tracking grooves that are concentric with the aforementioned reference track are 
formed in the shape of rings concentric with the aforementioned referrace track, and at a 
specific spacing in the radial direction outwards from the reference track. The data tracks 
are provided between the grooves used for magnetic head tracking (for example, refer to 
Japanese Unexamined (Kokai) Patent Application No. Hei 2-1 87969). 
[0003] Figure 20 and Figure 21 are respectively an expanded cross-sectional diagram and 
a plan-view diagram used for describing this type of magnetic disc. 
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[0004] As shown in the figures, a magnetic layer 101 is provided on the surface of a base 
fihn 100, where a tracldng servo groove 102 extends in the direction of rotation of the 
magnetic disk in this magnetic layer 101, for example, by a means sudi as laser 
processing. These space between the grooves 102 and 102 constitutes the data trade 103 
(refCTto Figure 21). 

[0005] On the other hand, the magnetic recording replay device is equipped with a Ught- 
emitting element (not shown) that discharges Ught 104 for tracldng towards the surfece of 
the aforementioned magnetic disk, and receiving elements 106a, 106b, 106c and 106d 
(refer to Figure 21) that receive the reflected light 105 from the magnetic disc surface. 
[0006] Thus, the light beam 104 that is emitted by the aforementioned light-emitting 
element strikes the magnetic disc surfece, and this reflected light 105 is then received by 
the li^t-recdving elements 106a, 106b, 106c and 106d. 

[0007] As described above, a groove 102 for fracking is formed in the magnetic layer 
101, so the light intensity reflected fiom the groove 102 and the light intensity reflected 
from the data track 103 are different As in the example presented in Figure 21, the total 
output values for the receiving elements 106a and 106b and the total output values for the 
receiving elements 106c and 106d are continually compared, and the tracking servo for 
the magnetic head (not shown) operates so that the ou^ut values of the two are 
equivalent 

[0008] Conventional magnetic disks allow for good tracking because the thickness of the 
magnetic layer 1 01 is about 1 -3 m, and there is a clear difference in intensity between 
the light reflected by the groove 102 and the Ught reflected by the data track 103. 
[0009] However, if Ihe tiiickness of tiie magnetic layer is decreased to less than 1 pm in 
order to improve magnetic disk overwrite characteristics, variation will tend to occur in 
reflected intensity at the magnetic layer surfece, and as a result, problems will develop 
related to proper functioning of the tracking servo. 

[0010] First tiie relationship between magnetic layer thickness and overwrite 
characteristic wiU be discussed. Table 1 below is a table that summarizes overwrite 
characteristic measurements for various magnetic layer thicknesses when the thickness of 
the magnetic layer was varied. 
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[001 1] The overwrite characteristics were measured by initially writing a agnal at 150 
Hz onto the data track, and then overwriting data at 600 Hz on Ihe data track upon which 
this data had been written. The playback output of the retained signal at 150 Hz was thai 

measured. 

[0012] The thickness of the magnetic layer was measured using a transmissive election 
microscope (TEM) model H-700H manufactured by Hitachi Ltd 



Table 1 

Magnetic layer thickness (nm) Overwrite characteristics (dB) 



0.21 


-42.2 


0.27 


-40.0 


0.49 


-36.0 


0.52 


-35.7 


0.57 


. -33.3 


0.75 


-312 


0.79 


-30.3 


0.90 


-30.0 


1.05 


-26.5 


1.30 


-25.2 


1.55 


-23.1 



As is clear from this table, the overwrite characteristics are significantly different 
depending on the magnetic layer thickness. When the magnetic layer thickness exceeds 1 
pmy the overwrite characteristics are poor, whereas if the thickness is less than 1 m, good 
overwrite characteristics of -30 dB or less pan be obtained. 
[0013] 

[Problems to be solved by the invention] The Kght reflecting characteristics of extremely 
thin m^etic layers are discussed in reference to Figure 22. This figure shows an 
experimental detemnnation of the relationship between magnetic layer Ibickness and 
optical reflectance by producing samples having magnetic layers with varying 
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fhiclmesses. In this experiment, an LED with a cmter wavelength of 880 nm was used as 
the Ught source, and the angle of incidence of light with respect to the magnetic layer 
surface was 20"'C. 

[0014] As is clear from this figure, there are regions of high Ught reflectance and low 
light reflectance in accordance with the thickness of the magnetic layer. This is thought 
to result from interference between reflected light from the surface of the magnetic layer 
and light that has passed through the magnetic layer and is reflected at the interface with 
the base fihn, then passing through the magnetic layer again and returning to the surface. 
[0015] Consequently, if the thickness of the magnetic layer varies, the Ught reflectance 
will vary, and as a result, proper functioning of the tracking servo may not occur. Li order 
to prevent this from occurring, it is necessary to rigorously control the thickness of the 
magnetic layer during the manufacturing process for flie magnetic recording medium. 
The resulting disadvantages include compromise of production efficiency and increase in 
manufacture costs. 

[0016] On the oflier hand, increasing the recording capacity of the magnetic recording 
medium is achieved by increasing the track density and the recording density thereof 
HowevCT, increases in magnetic disc edacity are mainly achieved by increasing track 
density by means of a Ught servo. 

[0017] A detailed discussion ofthis topic will now be undrataken. For example, with a 
3.5-inch floppy disk, the track density is 1245 TPI when the recording density is to be 21 
MB, and in such case, the track width of the data tracks is 15 nm. As a result, flie servo 
widft for ttie tracking sctvo is 5.4 \sm. If the track density is doubled to 2490 TPI with a 
magnetic disc of the same size, the recording volume will also increase twofold. 
However, at a data track vvidth of 7.5 jun, fte servo group width would be 2.7 ton; so it is 
necessary for the width dimension to decrease by more than one-half. 
[001 8] In order for data to be properly read from the recording medium, it is desirable for 
the optical signals and magnetic signals to be as large as possible, but when bofli data 
tracks and servo tracks are formed on flie same surface of the recording medium, it is 
necessary for at least one of these to be compromised. If the data track is conqiromised. 
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there wiU be problems with infcwmation writing and reading, whereas compromise of the 
servo track has the disadvantage of prev«iting proper tracking. 
[0019] The objective of the present invention is to offer a magnetic recording roedinm 
with high reliability that eliminatesthese types of problems found in the prior art, so ±at 
proper reading and writing of information can be carried out even when the recording 
capacity is increased, and to offer a tracking servo control device that is appropriate for 
use vrfth this magnetic recording medium. 
[0020] 

[Means for solving the problems] In order to attain the above objectives, the first 
invention is a magnetic recording medium having a substrate composed of a non- 
magnetic body, with amagnetic layer formed on top of this substrate, the aforementioned 
magnetic recording medium being characterized in that the aforementioned magnetic 
layer and a servo layer for magnetic head tracking constituted by a layer containing 
phosphor are provided in a superimposed condition m the direction of thickness of the 
magnetic recording medium, where the data tracks formed on the aforementioned 
magnetic layer and the servo trades foraied on the aforemraitioned servo layer for 
magnetic head tracking stand in a corre^onding relationship, and magnetic head tracking 
is carried out based on phosphorescent light Knitted from the phoq)hor m Ac 
aforementioned servo layer for magnetic head tracking. 

[0021] In ordCT to attain the above objects, the second invention is a tracking sarvo 
control device for magnetic recording media, characterized by having a light-emitting 
element that shines Ught for exciting a phosphor on a servo layer for magnetic head 
tracking in a magnetic recording medium in which a magnetic layer and a servo layer for 
magnetic head tracking constituted by a layer containing phosphor are provided in a 
siq)erimposed condition in the direction of thickness of the magnetic recording medium, 
where the data tracks formed in the aforementioned magnetic layer and the servo tracks 
formed in the aforementioned servo \syer for magnetic head tracking are in a 
corresponding relationship; a Ught-receiving element groiip composed of a plurality of 
li^-receiving elemoits that receive the phosphorescent Ught generated by the servo layw 
for magnetic head tracking; a filter that is situated in front of the aforementioned Kght- 
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receiving elemrait group and on Ihe Ught path from the aforemraitioned magDctic 
recording meaium, which blocks reflected light from the sniface of the magnetic 
recording medium so that only phosphorescent li^t that is generated by the servo layer 
for magnetic head tracking is transmitted; a servo signal operation means whereby signals 
from the aforementioned light-receiving element group are input and the servo signals are 
operated upon and output; and a magnetic head servo control part fliat corrects the 
position of the magnetic head based on the servo signals from the servo signal operation 
means. 

[0022] In order to attain the above objects, the third present invention is a tracking servo 
control device for magnetic recordmg media, characterized by being equipped wifli a 
li^t-emitting element that shines light on the surface of the magnetic recording medium; 
a light path splitting means that is situated on the light path from the aforonentioned 
magnetic recording medium and splits the light into a first light path and second Kght 
path; a filter that is situated on the aforemeaitioned first Ught path, whereby reflected Ught 
from flie magnetic reconUng medium surface is blocked so tiwt only phosphorescent U^t 
emitted from the servo layer for magnetic head tracking provided on the magnetic 
recordmg medium is transmitted; a first Ught-receiving elemait group composed of a 
pluraUty of H^t-receiving elements that recdve Ught that has passed through fliis filter, a 
second Ught-receiving element group situated on the aforemaitioned second light path, 
composed of a plurality of Ught-receiving elements that receive Ught reflected &om the 
magnetic recording medium surface; a signal discrimination means that can mput signals 
from the aforementioned first Ught-receiving element group and second U^t-receivmg 
element group, and selects, as the effective signal, one or the other of the signals fix>m the 
two Ught-receiving element groups; a servo signal operation means whereby the servo 
signal is operated upon and output based on either one of the signals from the 
aforementioned first Ught-receiving element group and second Ught-receiving element 
group based on discrimination by the signal discrimination means; and a magnetic head 
servo control part that corrects the position of the recording head based on the servo 
signal from the servo signal operation means, where signals from flie aforementioned first 
Ught-receiving element group and second Ught-receiving element groi^ are both input 
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into the signal discrimination means, which selects the signal from the aforementioned 
first light-receiving element group as effective when it determines that the magnetic 
recording medium that is beang used is a magnetic recording medium with a servo layer 
for magnetic head tracking that contains phosphor, and which selects the signal fiom the 
aforementioned second light-receiving element group as effective when only the signal 
from the aforementioned second light-receiving element group is input into the signal 
discrimination means, and it determines that the magnetic recording medium that is being 
used is a magnetic recording medium that has depressions for magnetic head tracking in 
the magnetic layer surface. 

[0023] Jn order to attain the above objects, the fourth presmt invention is a tracking 
servo control device for magnetic recording media, characterized by having a light- 
emitting element that shmes hght on the surface of a magnetic recording medium; a filter 
that is situated on the light path fiom flie aforranoitioned magnetic recording medium, 
and is composed of a plurality of light-receivmg elements whereby reflected hght from 
the magnetic recording medium surface is blocked so that only phosphorescent hght from 
the servo layer for magnetic head tracking provided on the magnetic recording medium is 
received; a li^-receiving element group composed of a plurality of li^t-receiving 
elements that recdve Ught that has passed througji this fiher, a filter moving means that 
positions the aforementioned filter on the aforementioned Ught path, and removes it &om 
the light path; a signal discrimination means that discrimmates the presrace of the 
aforementioned light that has passed through the filter, a servo signal operating device 
that operates upon and outputs the servo signal based on the signals from tiie 
aforementioned light-receiving element group; and a magnetic head servo controller 
whereby the position of the magnetic head is corrected based on servo signals from the 
servo signal operating means, where, when the presence of the light that has passed 
through &e filter is detected by the aforementioned signal discrimination means, it is 
determined that the magnetic recording medium that is being used is a magnetic recording 
medium that has a servo layer for magnetic head tracking that contains a phosphor, and 
the filter is positioned on the aforementioned hght path as-is, whereas when no Hght that 
has passed through the filter is detected by the aforementioned signal discrimmation 
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means, it is detennined that flie magnetic recording medium that is being used is a 
magnetic recording medium wherdn depressions for magnetic head tracking are formed 
in the magneticlayer' surface, and the aforementioned filter is driven by &e 
aforementioned filter movement means so that it is removed from flie aforementioned 

light path. 
[0024] 

[Operation] With the aforementioned first invention, a magnetic layer and servo layer for 
magnetic head tracking are provided in a superimposed condition in the direction of 
fliickness of the magnetic recording medium, and the data tracks fonned in the magnetic 
layer correspond with the servo tracks is formed in the servo layer for magnetic head 
tracking. As a result, it is not necessary to form a servo track in the magnetic layer, and 
high output is possible because there is excess track width for the data tracks in the 
magnetic laya", dius allowing an increase in track daisity. 

[0025] In addition, because a constitution is provided whereby tracking of the magnetic 
head is carried out by receiving phosphorescent light generated by phosphor in a servo 
layer for magnetic head tracking, output of the Ught-recdving elements can be increased 
relative to when the tracking servo is operated based on a difference in Ught reflection 
intensity, as in the past For this reason, the tracking servo can fimction properly. 
[0026] In the second invention above, phosphorescent Hght is emitted fiom a phosphor in 
a servo layer for magnetic head tracking nearly simultaneous to emission firom a light- 
emitting element, and a filter that allows phosphorescent light fiom the servo layer for 
magnetic head tracking to pass through is positioned so that the Ught reflected at the 
surface of the magnetic recording medium towards the light-receiving element group is 
blocked. By this means, an increase in rehability is achieved as a result of propo- 
' tiaddng of the magnetic head. 
[0027] 

With the third and fourth of fte above inventions, eithw a magnetic recording 
medium that has phosphor in a servo layer for magnetic head trackmg and a magnetic 
recording medium that has a groove for tracking in the surface of the magnetic layer can 
be jointly used. Moreover, the invention automatically detomines which of the magnetic 



recording media is being used, which has dramatic practical advantages in that conlrol is 

possible in accordance with the respective tracking servos. 

[0028] 

[Woridng examples] Working examples of the present invention are described below 
along with the figures. Figure 1 is an oblique view in which part of the magnetic disk 
cartridge pertaining to the woridng example is exploded. Figure 2 is an expanded cross- 
section of a magnetic sheet, Figure 3 is a plan view of a magnetic disk. 
[0029] As shown in Figure 1, the primary constitution of the magnetic disk cartridge 
comprises a cartridge case 1, a flexible magnetic disc 2 that is housed therem so that it 
can freely revolve, a shutter 3 attached to the cartridge case 1 so that it can slide, and a 
cleaning sheet (not shown) that is affixed to the inner surface of the cartridge case 1. 
[0030] The aforementioned cartridge case 1 is constituted by a top case la and a bottom 
case lb, and these cases, for example, are injected molded from a hard synthetic resm 
such as ABS resm containmg an added antistatic agCTt. 

[0031] An opening 4 for inserting the rotating drive shaft is fonned in the centor of die 
bottom case lb. Although not shown in the figures, a head insertion opening 5 is formed 
similarly in the case la. 

[0032] hi the vidnity of the front surface of the top case 1 a and bottom case lb is formed 
a small shallow depression 6 for controlling the slide range of the aforeanraitioned shutter 
3. The aforementioned head inseation opening 5 opens at the center location of this 
depression 6. 

[0033] The aforementioned magnetic disc 2. as shown in Figure 3, has a constitution 
comprising a flexible magnetic sheet 7 in the shape of a doughnut, and a center hub 8 
composed of synthetic resm or metal that is attached by insertion at the center hole of the 
magnetic sheet 7. 

[0034] The aforemaitioned magnetic sheet 7 has a constitution comprising a base fihn 9, 
a phosphor layer 10 that is fonned unifomaly over the top surface thereof, a light 
transmissive/shielding layer 11 fonned thereupon, a magnetic layer 12a foimed 
thereupon, and a magnetic layer 12b fonned on the bottom surface of the base fihn 9. 
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[0035] Theaforementioiiedbasefilm9iscomposed,forexample.ofpolyelhylene 
terepbthalate (PET), polyethylene naphthalate (PEN), polyinride or other synthetic resin. 
White pigment such as titanium oxide is dispersed and retained in to base film 9. and 
the material has properties whereby it reflects infrared light including infrared li^t 
[0036] TTieaforernentionedphosphor layer lOhas aconstitutionthatprimarilycomprises 
a phosphor ndcroparticulate that generates phosphorescent Ught as a result of bdng 
exdted by irradiation with infrared Ught (including near infrared light), and binder in 
which this material is dispersed and retained. 

[0037] Examples of the aforementioned phosphor microparticulate are inorganic 
compounds selected from a group comprising NdP50,4; LiNdP40u and AlsNdCBO,)*. or 
inorganic compounds expressed by the foUowing general formula: 
[0038] General formula 
Lni.x.>NdxYbyZ 

In the formula. In denotes one or more elements selected from the group Bi, Ge, Ga, Gd, 
In,La,Lu,Sb, ScandY. 
[0039] In the formula, Z denotes 

A5(M04)4 

Where A denotes one or more elements selected from the group K. Na. and M denotes 

one or more elements selected form the group W, Mo. 

[0040] 

D3(B03)4 

Whens D denotes one or more elements selected from the group Al, Cr. 
[0041] 

P50l4A3(P04)3 

Where A denotes one or more elements selected from the group K, Na. 
[0042] 

Na2Mg2(V04)3A'(M04)2 



16 



Where A' denotes one or more elements selected fiom flie group li, Na, K, and M 
denotes one or more elements elected from the groiq) W, Mo. 
[0043] hi the formulas, x and y are^ values that are in the ranges 0.25<x<0.99 and 
0.01<y<0.75 when Z is A5QAOa)4, 0.105x^.99 and 0.0Ky^0.90 when Z is TH(?03)i» 
0.05<x<0.98 and 0.02<y<0.95 when Z is PsOh, 0.02<x<0.98 and 0.025yS0.98 when Z is 
A3(P04)2, 0.57<x<0.90 and 0. 10<yS0.43 when Z is Na2Mg2(V04)3, and 0.20^0.95 and 
0.05:Sy<0.80 when Z is A'OV104)2. 

[0044] Specifically, the following examples can be used: Nd<,.8YboiNa5(W04)4. 

Ndo.9Ybo.iNa5(Mo04)4,Yo.iNdo.7sYbo.i5(W04)4,Ndo.8Ybo^Na5(Moo.5Wo.504)4, 

Bio.iNdo.75Yho.i5K5(Mo04)4, Lao.iNdojjYbo.i(NaojKo.i)5(W04)4 and Ndo.9Ybo.iAl3(BOj)4. 

[0045] In addition, inorganic compounds of the following goieral formulas cMi also be 

used. 

[0046] 

Genwal formula 
EFi.x-yNdxYbyP40i2 

In the formula, E denotes one or more elements selected from the group li, Na, K, Kb, 
Cs, and in the formula, F draiotes one or more elements selected from the group Sc, Y, 
La, Ce, Gd, Lu, Ga, hi, Bi, Sb. 
[0047] 

Li the formula, x and y are values in the following ranges: 
[0048] 

0.052x^0.999, 0.00l5yi0.950, and x+ySl.O. Specifically, examples that can be used are 

LiNdo^Ybo.iP40i2, LiBiojNdo.7Ybo.iP40i2 and NaNdo5Ybo.iP40i2. 

[0049] Phosphors containing neodymium (Nd) added as active clemrait are commonty 

used because fliey are chemically stable and have high excitation efficiency. 

[0050] The binder that is used in order to form the phosphor layw 10 has propalies 

whereby it transmits infrared light, and examples of substances that can be used include 

waxes, vinyl chloride-vmyi acetate copolymer, ethylene-vinyl acetate copolymer. 
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polyester, polyuretbane. cart)onate and other individual substances or mixtures. As 
necessary, plasticizers and surfactants can be added appropriately. 
[0051] Figure 2 mentioned above is a cross-section cut in a direction perpendicular to the 
direction of travel of the magnetic disk 2. or in oflier words, in the radial direction along 
the magnetic disc 2. As shown in this figure, the light transmissive/shielding layer 11 has 
a constitution comprising transmissive regions 11a that transmit phosphorescent Ught 
from the phosphor layer 1 0 and infrared Ught that is irradiated externally, and shielding 
regions lib that block transmission of the aforementioned infrared light and 
phosphorescent light. Tlie transmissive regions 11a and shielding regions lib are. 
multiply formed so that they alternate along the radial direction of the magnetic disk 2. 
[0052] Ihe infrared Ught 34 that is irradiated from the outside passes through the 
transmissiveregions 11a. and shines on the phosphor layerlO that is underneath. The 
phosphor microparticles in the phosphor layer 10 are thus excited, and emit 
phosphorescent Ught 35. -niis phosphorescent Ught 35 passes through the transmissive 
regions 11a and exits to the surface. On the other hand, the infrared Ugjit 34 that shines 
on the shielding regions 1 lb is blocked in these regions, and flius the phosphor layer 10 
that is under the shielding regions lib is not excited and does not emit light 
[0053] As shown in Figure 5, the transmissive regions 11a are formed disconnected or 
connected along the direction of travel x of the magnetic disc 2. and the shielding regions 
lib are formed continuously along the direction of travel x of the magnetic disk 2. 
[0054] Consequently, in this working example the light-emitting regions are constituted 
by the combination of the phosphor layer 10 and transmissive regions 11a, and the servo 
tracks 21 are constituted by the U^tnanitting regions. In addition, the regions 
corresponding to the shielding regions lib save as non-emitting regions, and the regions 
over which Ught emission does not occur between adjacent servo tracks 21 and 21 
correspond to the aforementioned shielding regions lib. 

[0055] Figure 6 and Figure 7 present examples of the aforementioned servo track 21. 
Figure 6 shows an example where discontinuous servo tracks 21 are formed as concentric 
circles, and Figure 1 shows a case where continuous servo tracks 21 are formed as 
concentric circles.. 
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[0056] The aforementioned magnetic layers 10a and lOb are composed of a mixture of 
magnetic powder, binder, polishing powder and lubricant 
[0057] Examples of the aforementioned magnetic powder that can be used are 
micropowders such as a-Fe. Co-Ni. Co-P, y-FezOj, Fe304, y-FejCb containing Co, y- 
Fe304 containing Co, Cr02, Co and Fe-Ni. 

[0058] Examples of the aforementioned binder tiiat can be used include vinyl chloiide- 

vinyl acetate copolymer, vinyl chloride-vinyl acetate-vinyl alcohol copolymer, urethane 

resin, polyisocyanate compound and radiation-curing resin- 

[0059] Examples of the aforementioned polishing powder flaat can be used inchide 

aluminum oxide, chrome oxide, siUcon carbonate, and silicon nitride. The appropriate 

addition ratio of poUshing powder is about 0. 1-25 wt% with respect to the magnetic 

powder. 

[0060] Examples of the aforanentioned lubricant include stearic add, oleic acid and 
other higher fatty acids, higher fetty acid esters thereof, Hquid parafBn, squalane, fluorine 
resins and fluorine oils. The appropriate addition ratio of the lubricant is about 0.1-25 
wt% with respect to the magnetic powder. 

[0061 ] Specific composition examples of the magnetic coating are presented below. 
[0062] 

Magnetic coating conqxtsition 

Barium ferrite (Hc:530 (Oe), saturation magnetization: 57 (emu/g), 
average grain diameter: 0.04 (fim)) " lOOpartsby wagiht 

Vinyl chloride-vinyl acetate-vinyl alcohol copolymer 1 1 .0 parts by weight 

Urethaneresin 6.6 parts by weight 

Trifimctional isocyanate compound 4.4 parts by weight 

Aluminum oxide powder {average gain diameter 0.43 (jon )) 15 parts by weight 
Carbon black 2 parts by weight 

Oleyloleate 7 parts by weight 

Cyclohexanone 150 parts by weight 

Toluene 150 parts by waght 
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•me composition of tbe above magnetic coating compoation example is mixed arid 
dispersed well with aball mill to prepare a magnetic coating. Itiis coating is then ^Ked 
to both surfaces of a 62-pm polyethylene terephthalate (PBT) base fihn at a dry average 
thickness of 0.89 jan. After drying, a calendar treatment is carried out to form the 
magnetic layers 10a and 10b. 

[0063] As shown in Figure 3. a reference track 13 is formed by an embossing process on 
the im,ermost circumference of the magnetic layer surfece 10a of the disc 2 constituted in 
this maimer. Multiple data tracks 14 are formed to the outside of this reference track 13, 
and in this working example, the track density is 2490 TPl for atrack width of 8.7 pm 
and a track pitch of 10.2 nm. 

[0064] The aforemoitioned reference track 13 and data track 14 are formed as concentric 
circles based on the center of rotation 15 of the magnetic disk 2. 
[0065] The aforementioned reference track 13, as shown in Figure 4. extends along the 
direction of travel x of the magnetic disc 2, and taking any point 17 on the center line 16 
of the reference track 1 1 as the center, the rectangular reference depression region 18 A 
and reference depression region 18B are formed as apair with point symmetry. Flat 
regions 19A and 19B that have no depressions are formed adjacent to the reference 
depression region 18A (before the reference depression region 18B) and adjacent to the 
reference depression region 1 8B (after «ie reference depression region ISA). 
[0066] Multiple groups of reference depression regions ISA and 18B and flat regions 
19A and 19B are fonned discontinuously or continuously along the direction of travel x 
of the magnetic disk, and thus constitute the reference track 13. 
[0067] Prescribed information is pre-recorded on the reference track 13, and as the 
magnetic head scans the reference track 13, the center position of the magnetic head 
(magnetic gap) can follow over the center line 16 of the reference track 13 based on the 
output waveforms. 

[0068] As shown in Figure 2, the magnetic layer 12a is provided on the top side of the 
Ught shielding/shielding layer 11, and the magnetic layer lib is provided on the bottom 
side of the base fihn 9. The magnetic layer 12a, the li^t shielding^shieldiiig layer 11 and 
the magnetic layer lib stand in a top-bottom relationship to each other, but iJie data 
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tracks 14 of the magnetic layars 12a and 12b and fte servo tracks 21 constituted by the 
combination of the phosphor layer 10 and the light transmissive regions 11a of the light 
shielding/shielding layer 1 1 stand in a corresponding relationship. 
[0069]. This relationship is schematically shown in Figure 8. When the magnetic head 
tracks the data track DTI on flie innermost circumference of the data track 14, the servo 
track STl on the irniermost circumference of the servo track 21 and the adjacent servo 
track ST2 are used, vrfth spot-shaped light impinging over a region extending from the 
servo track STl to the servo track ST2. When the magnetic head tracks the second data 
track DT2 in the same manner, spot-shaped light impinges over a region from the second 
servo track ST2 to the third servo track ST3. Thus, two servo tracks 21 are used, and 
tracking of a single data track 14 is carried out 

[0070] The phosphor microparticles in the aforementioned phosphor layer 1 0 are excited 
by infrared light and emit light, but in order for excitation of the phosphor inicroparticles 
to effectively occur, in this working example, the light reflectance of the base film 9 is 
1 % or greater, with 20% or greater being prefroed and 50% or greater being additionally 
desirable. Specifically, by using a highly reflective base fihn 9 or by endowing a base 
film 9 witti high reflectance, the infrared li^t is reflected at the surface of the base fihn 9, 
and excitation of the phosphor microparticles is stimulated. As stated above, by 
disposing and maintaining white pigment such as titanium oxide in the base film 9, it is 
possible to increase the reflectance of the base film 9, 

[0071] Table 2 below is a table that shows the results of measuring output voltage and 
S/N for a phosphor layer 10 when the reflectance of the base fihn 9 is varied by adjusting 
the content of the aforementioned white pigment 
[0072] 
Table 2 

Base fihn reflectance (Vo) Output voltage fm\0 SM 

1 18 1.00 

2 23 1.10 
5 36 1.25 
20 61 1.61 
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30 ri 1.83 

50 120 2.51 

60 130 2.93 

80 580 3.60 



As is clear from the table* when the reflectance of the base film is 1% or greater, with 
20% or greater being preferred and 50% or greater being additionally desirable, effective 
excitation of the phosphor microparticles occurs, and sufficient output voltage is 
achieved, with a high S/N ratio. 

[0073] Figure 9 is a characteristic diagram that shows the relationship between output 
voltagp and phosphor layw 10 film thickness. Hie curve A in the figure is a characteristic 
curve rq)resenting the relationship between output voltage fihn thickness when a 
phosphor layer 10 is formed on a base film 9 that contains white pigment (titanium oxide) 
and has a reflectance of 80%. Curve B is a line that indicates the output level at which 
theoutputofthephosphorlayerlOreaches 1.6x the output voltage of the hasp film 9 

(reflectance 80%). 

[0074] The various experimental results of the inventors of flie present invention et aL • 
show that when the output of the phosphor layer 10 is lower flian line B. phosphorescent 
light from the phosphor layer 1 0 will not be adequately detected, whereas if the output 
voltage ofthe phosphor layer 10 is greater than 1.6x the output voltage of the base fihn 9 
alone (line B), the minimum thickness ofthe phosphor layer 10 is 0.5 pm, as is clear from 
the figure. ITxe output voltage increases with increasing thickness ofthe phosphor layer 
10, but becomes nearly constant when the fihn thickness reaches about 50 lun. This trend 
is similar to that seen when the reflectance ofthe base fihn 9 is decreased. 
[0075] As shown in Figure 2, in order for the tracking servo to operate, a light-emitting 
element 22 and light-receiving element group 23 are arranged adjacent to the magnetic 
layer 12a. Some ofthe infrared light 34 that is emitted by the Ught-emitting elanent 22 is 
reflected at the surface ofthe magnetic layer 12a, and this reflected light 36 is directed 
towards the light-receiving element group 23. Most of the infrared light 34 passes 
through the magnetic layer 12a and reaches the ligjjt transmissive/shielding layer 11 (as 
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stated above, .bernagneticlayerl2aisanextremely thin layer of less than 1 m, and thus 
readily transmits infrared Hght 34). lUe range of irradiation of the infrared Ught 34 on the 
light transnrissive/shielding layer 11 extends over &e first transmissive region 11a. the 
shielding region lib adjacent thereto, and the adjacent transmissive region 11a. Hie 
infrared light 34 that has passed through the transmissive regions 11a then excites the 
phosphor layer 10 underneath. Phosphorescent light 35 is emitted from the phosphor 
layer 10 as aresult of excitement, and this light passes through the magnetic layer 12a 
towards the light-recdving element group 23. 

[0076] tomediately before the Ught-receiving element group 23. a filter 24 is provided 
that has optical characteristics whereby it blocks the reflected Ught 36 from the magnetic 
layer 1 2a. but transmits phosphorescent Kght 35 from the phosphor layer 10. Only the 
phosphorescent Kght 35 from the Hght-emittmg regions (constituted by the phosphor layer 
10 and transmissive regions 11a) is thus recdved by the light-receiving element gioup 23. 
[0077] Figure 10 is a spedral characteristic diagram, where curve C in &e figure 
represents the emission spectrum of the semiconductor laser diode Ught-emitting element 
22 used in the working example, as weU as the spectnmi curve for the reflected Ught 36 
from the magnetic layer 12a. Curve D is the Ught-emitting spectrum produced when an 
LiNdP,0,2 material is used for the phosphor. In addition, curve E is a characteristic 
curve representing the shielding regions and transmissive regions of the aforementioned 
filter 24. 

[0078] Hie aforementioned light-emitting element 22. light-receiving element group 23 
and filter 24 . as shown in Figure 11, are combined into an integrated group in the 
magnetic head 25a. Figure 12 is a diagram that shows the arrangement of the light- 
receiving elements 23a-23d in the Hghl-recdving element group 23. Ibe light-receiving 
element group 23 in this working exanq)le is constituted by four Ught-receiving elements 
23a-23d. and from an optical standpoint, they are situated so that they extend over two 
servo tracks 21. 21. Thus, the phosphorescent Ught 35 that is emitted from the Ught- 
emitting regions is received by the Ught-recdving elements 23a-23d, and the output of 
the Ught-receiving elements 23a-23d. as shown in Figure 1 1 . are ii^ut into the servo 
signal operating part 26. iTie amount ofmagnetic head deviation with respect to the data 
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track 14 is then calculated fiom the output states of the Ught-receiving elements 23a-23d. 
andaservo signal is output toahead servo contioller 27. Theposition of the xnagnetac 

head 25 is thus adjusted by the head servo controller 27 based on this servo signal. 
[0079] In this worldng example, the light-receiving element group 23 has a constitution 
comprising four Ught-receiving elements 23a-23d. but the present invention is not 
restricted to such a constitution, as the light-receiving element group 23 can be 
constituted by two or more light-receiving elements (for example 2-4). 
[0080] Figure 13 is an expanded cross-section of the magnetic sheet 7 pertaining to a 
secondworldngexainpleofthepresentinvention. In this workmg example, a different 

magnetic sheet 7 fiom the one used in the first working example above is used, in that a 
transparent resmfihn is used as thebasefihnP.TTius. when Ught passes through the 

ixansmissive regions 11a of the Ught transmissive/shielding layer 11 and excites the 
phosphor layer 10. the phosphorescent light 35 emitted herefrom passes through the base 
film 9 and the magnetic layer 12b underneath it. and is received on the opposite side. 
[0081] Figure 14 is an expanded cross-sectional diagram of the magnetic sheet 7 
pertaining to a third working example of the present invention. In this working example. 
■ a reflective layer 28 is formed on the base fihn 9, and this reflective layer 28 is 

constituted by a material having high reflectance such as aluminum, and the reflective 
regions 28a and non-reflective regions 28b are formed altematingly along the radial 
direction of the magnetic didc 2. 

[0082] Patterning of the reflective regions 28a and non-reflective regions 28b can be 
readily carried out, for example, by vapor deposition or sputtering and etching. 
[0083] A phosphor layer 10 and magnetic layer 12a are formed uniformly on the 
reflective layer 28. Because there is a distinct difference in phosphorescent Ught intensity 
generated from the phosphor layer lObetwea the reflective regions 28a and non- 
reflective regions 28b, the content of the phosphor micn,particles can be decreased, or the 
layer thickness of the phosphor layer 10 can be reduced. 

[0084] When the regions having the reflective regions 28a are irradiated, some of the 
light (infrared light) is reflected by the reflecting regions 28a. and the phosphor layer 10 
above it can be effectively excited. On the other hand, because there is no reflection of 
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iiradiated Hght (infrared U^t) at the non-reflective regions 28b, the phoq)hoie8cent Ught 
intensity wiU be extremely weak, which allows for optical discrimination with respect to 
regions where the reflective regions 28a are present 

[0085] Figure 15 is an expanded cross-section of a magnetic sheet 7 pertaining to a 
fourth working example of the present invention, to this working example, the pattern of 
the phosphor layer 10 is formed directly by means of printing, etc.. onto a base fihn 9 that 
contains dispersed white pigment. By forming a binder layer 29 that transmits infrared 
light 34 and phosphorescent light 35 on the phosphor layer 10. the surface is rendered 
planar, and the magnetic layer 12a is provided thereupon. 

[0086] Examples ofsubstances that can be used for the binder layer 29 include wax, 
vin)^ chloride-vinyl acetate copolyoier, ethylene-vinyl acetate copolymer, polyester, 
polyurethane. carbonate, and epoxy resin. 

[0087] Figure 16 is an expanded cross-sectional diagram of die magnetic sheet 7 
pertaining to a fif& working example of the present invention. With this application 
example, the magnetic layer 12a is formed directly on the base fihn 9, and Ihe pattern of 
the phosphor layer 10 is formed thereupon by printing, etc. By then forming a binder 
layer 29 that is transmissive with respect to infrared light 34 and phosphorescent Hght 35 
on this phosphor layer 1 0, the phosphor layer 1 0 is protected by the binder layer 29. 
[0088] Figure 17 is an expanded cross-section of a magnetic sheet pertaining to a sixth 
working example of the present invention. In this working example, the difference with 
the magnetic sheet 7 shown in Figure 2 pertaining to the first working example described 
above is that the magnetic layer 12a is not formed on the Ught transmissive/shielding 
layer 11. Consequently, the servo layer for magnetic head tracking constituted by the 
phosphor layer 10 and light transmissive/shielding layer 11 is dedicated to tracking of the 
magnetic layer 12b underneath. 

[0089] The light-emitting regions that emit hght via the phosphor layer 10 and the non- 
emitting regions that do not emit Ught via the phosphor layer 10 are constituted by the 
transparent regions lla and their shielding in the ligiht transmissive/shielding layer 11 in 
the first working example shown in Figure 2 above, the transparent regions lla and their 
shielding in the Ught transmissive/shielding layer 11 in the second working example 



25 



shown in Figure 13. the reflective regions 28a and non-reflective regions 28b of Ihe 
reflective layer 28 in the third working exan^ple shown in Figare 14. the regions having 
and not havingphosphorlayerlOin the fourth working example shown inFiguxel5.1he 

regions having and not havingphosphorlayerlOsimilarly in the fifth working ex^^^ 
shown in Figure 16. the transparent regions lla and their-shielding in the bght 
transmissive/dnelding lay« U. and the Ught-emitting regions that emit light via the 
phosphor layerlOandthenon-enritting regions that do not enntUght via thepbo^^^^ 

layer 10 in the sixth working example shown in Figure 17. 
[0090] n»e light-emitting regions and non-emitting regions are formed alt«natingly 
along the radial direction of the magnetic disk 2 or in the direction of corresponding 
H^ovement of the magnetic recording medium and die U^t-emitting element/light- 
receiving element group. However, the ratio (A1:A2) of surfi«:e aieabetween one of the 
Ught-emitting regions (Al) and the surface area of one of tiie non-emitting regions (A2) is 
preferablyrestrictedtother^geofl:0.5tol.5.withti,erangeofl:0.75toi:25bemg 

preferred If the surface area ratio of the light-emitting regions and non-emittmg regions 
is less than 1:0.5. or exceeds 1:1.5. optical discrimination of the Ught-emitting regions 
and non-emitting regions will become difficult, and tracking servo precision may 
decrease. Consequently, the surface area ratio of the Ught-emitting regions and non- 
emitting regions should be restricted to the above range. 

[0091] Figure 18 is a sch«natic constitutional diagram showing a first modification 
example for the tracking servo control device of the present invention. The tracking 
servo control devices shown in Figure 2. Figure 1 1 and Figure 12 are devices wherem 
only a magnetic recording medium provided with a phosphorus layer 1 0 can be nsed. In 
this modification example shown inFigure 18. both a magnetic recording medium 
provided with a phosphor layer 1 0 and a mapetic lecording medium in which trackmg 
depressions are formed wilho^ providing a phosphor layer 10 can bensed. 
[0092] Specifically, a beam splitter 30 is situated on the Hght path firom fte magnetic 
recording medium (magnetic disk 2), and a first Ught-receiving element gro^q, 23 and a 
filter 24 tiiat allows only tight from the phosphor layer 10 to pass are sitiuted on a first 
tight path that has been spUt from a beam spUtter 30. In addition, a second U^t-receivmg 



26 



element group31 ftatm=dv«ieflecteaHgWiom1hem6«offl»m.gniic«corang 
„edi™ (magnetic disk 2) i. located »» to second BsM fl««l>3= 1»» split « fte 

beam Splitter 30. 

[0093]Infl.efigure,32denotesaCPU.33denotesadiscrinunatorintheCPU3^^ 
denotesaservosignalcalculatorintheCPU32. X, denotes the reflected light ftom fte 
xnagnetic recordmg medium (magnetic disk 2), and %^ denotes the phosphorescent hght 
from the phosphor layer 10. 

[0094] Figure 1 8a presents a case where a magnetic recording medium having a 
phosphor layerlOis used, and FigurelSbpresentsacasewhereamagneticrecording 

medium is used that has traddng depressions. 

[0095] AS sho^ in Figure 18a. when a magnetic recording medium ftat has a phosphor 
layer 1 0 is used, both the reflected Ught U fiom the magnetic recording medium 
(magnetic disk 2) and the phosphorescent Kght X: fiom the phosphor layerlO (X,+X.) are 

incident upon the beam splitter 30. 

[0096] Ihus, the reflected light X^ that has been split into two light paths at the beam 
sputter 30 is cut with the filter 24 in the first light path, and only the cut phosphorescent 
light X, passes through, and is received by the first Ught-receiving element group 23. 
Both light beams (X,+X,) in the second Ught path are received by the second Ught- 

receiving element group 31 . 

[0097] The signal from the aforementioned first Ught-receiving element group 23 and 
the signal S, from the second Ught-receiving elem«it group 31 are input into a 
discriminator 33. If signal is input, then a detennination is made at the discriminator 
33 diat a magnetic recording medium having a phosphor layer 10 is being used. 
Consequently, taking the signal from the first Ught-receiving element ffo^ 23 as 
effective, the signal S, from the second Ught-receiving element group 31 is taken as 
ineffective, and the aforementioned signal S, that has been selected is sent to the servo 
signal operator 26. and the tracking servo is operated as described above (refer to Figure 
11). 
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[00981 menama^cre^g-=dh»ha™g«ki«gd.rre»on.»«s.d« 

(magnetic di* 2). and ^ to « toc,d«.t upon the ban. splrtttr 30. 
,00991 Ttas. «>.ren=«ed Ugh. X, that has b^t. spB. tat. .w. wave pate at the beam ■ 
spli«=r30iaa«a..h.fiteJ4in.hetotwavepa.h.aadrip«lS,is.h«».o»n.«t 

[0,001 i„can«...h=rrf.e«edligh.X,»,h»«»,dw.«pathis.eociv=dat.hea«ond 

,Usaigndiatatoas.ff«.iv.. Tl=aignalS,iathenseat.o.h.a«vosigpal^««>r2«. 

3„dth.txacldt.gservoUop=«=dasa«cnbedab<,ve(rrfi.toFigo»n). 

[01011 Fig«.19iaasch™aticcoDsdtud«iaia.graB*»ringa5ec«Ddinod>flca..on 

„ainpleot.he.iactogs«vo«-«rold™.offl.epr««rtil««tf<^ 
„,difioadon example *owt. ta this fig««. ttb«on«s poasible to ,«boft a>n.B»«.e 
^,dtag m»iim= having a phosphor layer 10 and a magndic recording medrum m 
wbi* traddlg depressions have been foimed. 

[0102] With this modification example, the beam spUtter 30 is not naed. and a filter 24 « 
ptacedcntheligh.pathfromthemagneticrecordingmed™m(opfic.iaislc2),».ha,« 

can be moved by a magnetic solenoid 40. 

101031 Ih .he ncn^dnctog ^ of ftemagnedc solenoid 40 . to fil.er 24 is located 
„nfl>.U*.pa«.of.h.m.gn«icrecording«.am.(map.«io«2).Whe„fte»cldng 

^ operates, fte presage of sig.»l *om d» light«c«ving element group 23 ts 
b, the discriminaw 33. and if signal S. is input, to signal S. is sen. to the 

setvo signal operator 26 as-is. and fte traddng servo operates as described above («fer .0 

figure 11). 

[0104] If the signal S, is not input, themagnetic solenoid 40 is drivenbased onthe 
solenoid drive signal S3 that is output the discriminator 33, and the filter 24 is 
removedfromthelightpath,sothatthereflectedlightX.fromthemagneticrecordmg 

n^edinm (magnetic disk 2) is directly received by the light-receiving element group 23. 
Asaresult.asystemis produced wherein signalSl is output from the Ught-receivmg 
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element group 23. arid the tracking servo is operated based on this signal Si (refer to 

Figure 11). 
[0105] 

[Effect of the inventioB] In the first invention, a magnetic layer and servo layer for 
magnetic head traddng are provided in a superimposed condition in the thickness 
direction of a magnetic recording medimn, where the data trades formed in the magnetic 
layer and the servo tracks fonned in the magnetic head tracking servo layer are in a 
corresponding relationship. As a result, it is not necessary to form a servo track in the 
magnetic layer, and excess track width is thus present the data tracks of the magnetic 
layer, leading to high ou^ut and an mcrease in track density. 

[0106] In addition, because servo tracks can be formed in the excess track width in the 
aforementioned servo layer, the tracking servo functions properly even at high density, 
and reliability is thus improved. 

[0107] To present an example of detailed specifications, when the recording capacity is 
80 MB with a 3.5-inch flexible magnetic disk and flje Hack density is 2490 TPI, the data 
track width is 8.7 urn and the servo group width for the tracking servo is 5.1 vol 
Similarly, if the track density of the magnetic disk is changed to 2988 TPI. the recording 
volume will increase by 1 .5x, for a data track width of 7.5 pm and a tracking servo group 
width of 4.2 pm. Thus, even when the recording volume is increased, sufficient 
aUowance can be made because of the excess tracking servo group width and data track 
width. 

[0108] Because a constitution is provided whereby phosphorescent Ught fiom the 
phosphor in the magnetic bead tracking servo layer is received, thus allowing for 
magnetic head tracking, the output of Ihe Ught-receiving element is increased relative to 
when the tracking sctvo is operated based on the difference m light reflection density, as 
in the past As a result, proper functioning of the ticking servo can occur. 
[0109] The second invention involves the generation of phosphorescent light from a 
phosphor in the magnetic head tracking servo layer at nearly the same time as irradiation 
fiom a light-generating element. Because a filter that blocks reflected Ught firom the 
surface of Ihe magnetic recording medium and transmits only phosphorescent Ught from 
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the magnetic head tracking servo layer is situated before the Bghtreceiving element 
group, tracking of the magnetic head occurs appropriately, and an increase in reliability is 
obtained. 

[0110] With the third invention and four* invention, a magnetic recording medium 
wherein phosphor is present in the magnetic head tracking servo layer and a magnetic 
recording medium wherein tracking depressions are present in the magnetic layer surface 
can both be used, and moreover, automatic discrimination of either of these magnetic 
recording media is possible. As a result, control is possible with the respective tracking 
servos, which has significant advantage in terms of practical convenience. 

[Brief description of the figures] 

[Figure 1] ObUque view in which part of the magnetic disk cartridge pertaining to the 
working example of Ijie presrait invasion is Kq)loded. 

[Figure 2] Expanded cross-section of a magnetic sheet pertaining to the first working 

example of Ihe present invention. 

[Figure 3] Plan view of a magnetic didc 

[Figure 4] Expanded plan view presaiting the reference tracks. 

[Figure 5] Plan view presenting the servo trades. 

[Figure 6] Plan view presenting the ser/o tracks. 

[Figure 7] Plan view presenting the servo tracks. 

[Figure 8] Schematic diagram for presenting the corresponding relationship between 
servo tracks and data tracks. 

[Figure 9] aaracteristic diagram showing the relationship between the phosphor layer 
film diickness and output voltage. 

[Figure 1 0] Spectrum diaracteristic diagram for each of the light types. 

[Figure 1 1] Block diagram for describing magnetic head tracking control. 

[Figure 12] Explanatory diagram showing the arrangement of Ught-receiving elements. 

[Figure 13] Expanded cross-sectional diagram of the magnetic sheet pertaining to the 

second working example of the presoit invention. 
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[Figure 14] Expanded cross-sectional diagram of Ihe magnetic sheet pertaining to the 
third woridng example of the present invention. 

[Figure 15] Expanded cross-sectional diagram of the magnetic sheetpertaining to the 
fourth woridng racample of the presrait invaition. 

[Figure 16] Expanded cross-sectional diagram of the magnetic sheet pertaining to the 
fifth working example of flie presrat mvention. 

[Figure 17] Expanded cross-sectional diagram of the magnetic dieet pertaining to the 
sixth working example of fhc present invention. 

[Figure 1 8] Schanatic constitutional diagram for describing a first modification example 

of flie tracking servo control device pertaining to the presrat invention. 

[Figure 19] Schematic constitutional diagram for describing a second modification 

example of the tracking servo control device pertaining to the present invention. 

[Figure 20] Partially expanded cross-sectional diagram of a conventional magnetic disk. 

[Figure 21] Partially expanded plan view oftiiis magnetic disk. 

[Figure 22] Characteristic diagram showing the relationship between fihn thickness and 

reflectance of tiie magnetic layar. 

[Key] 

2 Magnetic disk 

7 Magnetic sheet 

9 Base film • • 

10 Phosphor layer 

11 Light transmissive/shielding layer 

11a Transmissive regions 
lib Shielding regions 
12a, 12b Magnetic layer 
14 Data track 

21 Sarvo track 

22 Ligjit-emitting elemrait 
23,31 Li^t-receiving element group 
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23a-23d Light-receiving element 


24 


Filter 


25a, 25b Magnetic head 


26 


Sorvo signal operator 


27 


Head servo controller 


28 


Reflecting layer 


29 


Binder layer 


30 


Beam splitter 


32 


CPU 


33 


Discriminator 


34 


InjGrared beam 


35 


Phosphorescent light 


36 


Reflected light 


40 


Magnetic solenoid 


X 


Direction of travel of magnetic disk 
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[Figure 3] 
[Figure 4] 
[Figure 5] 
[Figure 6] 
[Figure?] 
P^igure 8] 
[Figure 9] 

Y axis: Output voltage (mV) 

X axis: Phosphor layer thickness (jun) 



[Figure 10] 

Y axis: Relative emission intensity (aibitrary unit) 
X axis: WaveleagQi (nm) 
[Figure 11] 

26 Servo signal operator 

27 Head servo controller 
[Figure 12] 

[Figure 13] 
[Figure 14] 
[Figure 15] 
[Figure 16] 
[Figure 17] 
[Figure 18] 
[Figure 19] 
[Figure 20] 
[Figure 21] 
[Figure 22] 

Y axis: Reflectance (%) 

X axis: Magnetic lay^ film tibickness (nm) 

[Figure 23] 
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